Introduction
The reported incidence of feline intracranial neoplasia is 3.5 in 100,000 cats, or as high as 2.2%. 1 Glial cell tumours are reported infrequently, with an incidence of 7.5% of all intracranial tumours, being the fourth most common central nervous system (CNS) neoplasia in cats. 2 Astrocytomas are considered the most frequent type of feline glial cell tumour. 3 Gliosarcoma is classified by the World Health Organization as a subtype of glioblastoma grade IV astrocytoma. 4 Gliosarcoma is an infrequently reported primary CNS neoplasm in people and has only been described in one dog in the veterinary literature. 5 It has a bimorphic population characterised by diffuse anaplastic astrocytic neoplastic cells with sarcomatous differentiation.
This case report describes a cerebral gliosarcoma in a cat presenting with MRI, macroscopic and histopathological features, and immunolabelling characteristics.
Case description
A 5-year-old neutered male domestic shorthair cat presented with an 18-month history of facial twitches, generalised ataxia and abnormal behaviour characterised by reduced interaction with the family members. The cat deteriorated acutely 2 weeks prior to presentation, showing progressive generalised weakness, which was worse in the pelvic limbs, lethargy and weight loss. Water intake was restricted 5 days prior to presentation, as the cat would only drink from the tap but was unable to reach it.
Clinical examination revealed 5% dehydration, mild obtundation, generalised weakness, cervical ventroflexion, intermittent head tremors and ambulatory tetraparesis with reduced postural reactions in all limbs, indicative primarily of forebrain dysfunction. A metabolic disorder was considered. A complete blood count and serum biochemistry showed mild erythrocytosis (50%; reference interval [RI] 24-45%), mild neutrophilic leukocytosis (13.1 K/μl; RI 2.5-12.5 K/μl), uraemia (114.9 mg/dl; RI 18-60 mg/dl), raised alkaline phosphatase (205 U/l; RI 0-80 U/l) and severe hypernatraemia (>189 mmol/l; RI 150-160 mmol/l). A feline leukaemia virus and feline immunodeficiency virus SNAP test was negative. Abdominal ultrasound and urinalysis were within normal limits and urine culture was negative. Intravenous fluid therapy was used to correct the dehydration. Empirical therapy with clindamycin (12.5 mg/kg IV q12h) was added to treat a potential viral infection (toxoplasmosis) alongside a gastric protector used preventively (omeprazole 1 mg/kg IV q24h).
The following day, the cat's mental and hydration status had normalised and the cervical ventroflexion resolved, yet the marked hindlimb ataxia, ambulatory paraparesis and head tremor persisted. A repeat blood analysis was within normal limits. The cat was anaesthetised and underwent MRI of the brain using a 0.25 T unit (Imagovet). MRI showed a fairly well-defined 0.5 cm heterogeneous hyperintense mass on T1-weighted imaging (T1WI) and T2-weighted imaging (T2WI) in the rostral commissure and septum pellucidum with central hypointensity in T1WI, T2WI, fluid-attenuated inversion recovery and signal void in T2* gradient echo images. Marginal ring enhancement surrounding the mass lesion was observed following intravenous gadolinium (0.01 mmol/kg) administration. The imaging features were suggestive of neoplasia or a congenital vascular malformation ( Figure 1 ).
Methylprednisolone (2 mg/kg IV followed by PO treatment q24h) was added as palliative treatment for perilesional oedema resulting in partial improvement characterised by increased appetite and a brighter mental status. A couple of weeks later, further deterioration occurred, characterised by obtundation, generalised weakness and inappetence. Considering the poor prognosis, the owner requested euthanasia. Permission for macroscopic post-mortem examination and histological examination of the brain was given. Gross findings of the brain showed a 0.2 cm diameter brownish mass with a soft-to-gelatinous consistency located at the level of the septum pellucidum. No macroscopic abnormalities were found on examination of the thoracic and abdominal cavities. Histological study of the brain confirmed the mass as a bimorphic neoplastic cellular proliferation located in the rostral cerebral hemispheres at the level of the septum pellucidum ( Figure 2 ). Areas of haemorrhage were not identified, contrary to the possible haemorrhage suggested by findings on the MRI gradient echo sequence.
The bimorphic neoplastic population consisted of two cell types. One population was characterised by fusiform cells predominately distributed in bundles showing a high degree of anisocytosis and anisokaryosis with a low mitotic index. The identification of mitotic figures was facilitated by Ki-67 immunohistochemistry (IHC). This population showed a high immunopositive reaction to vimentin IHC and a weak reaction to smooth muscle actin (SMA) IHC alongside collagen fibres stained with Masson's trichrome stain. These histopathological features are specific for a mesenchymal sarcomatous cell origin (Figure 3) .
The second neoplastic population was defined as astrocytic in origin as it involved high numbers of astrocytic-like cells. This glial cell type was characterised by large round-to-polygonal cells with eosinophilic cytoplasm showing a moderate degree of anisocytosis and anisokaryosis with a moderate mitotic index. They showed a high immunopositive reaction to glial fibrillary acidic protein (GFAP) IHC not only in the periphery, but also widely inside the neoplastic population (see Figure 3) . Oligodendrocyte transcription factor 2 was negative for the neoplastic population. Gemistocytes were commonly seen mixed within the astrocytic component.
Neoplastic proliferation was further observed in continuity from the mass invading the adventitia and middle tunica of a medium branch of the cerebral rostral artery. Immunolabelling characteristics showed a positive reaction to vimentin (Figure 4) , and was negative to GFAP and SMA IHC.
Based on these characteristic histopathological features, the neoplasm was characterised as cerebral gliosarcoma with perivascular involvement.
Discussion
Astrocytomas are reported infrequently in the feline literature. 2, [6] [7] [8] [9] [10] [11] [12] Four different subtypes -pilocytic, protoplasmic, gemistocytic and fibrillary astrocytomas -are described in feline intracranial astrocytoma. 12 This case report identified gliosarcoma as an additional, previously unreported subtype of intracranial astrocytoma in a feline patient. Gliosarcoma is a rare primary neoplasm of the CNS, classified as a subtype of glioblastoma defined as a grade IV astrocytoma. 4 This tumour type is extremely rare, reported once in dogs and unreported in cats. 5 In people, gliosarcoma constitutes 1-8% of all glioblastomas and <0.5% of all intracranial tumours. Primary gliosarcoma (ie, intracranial) is the most common presentation; however, it has been sporadically reported as a secondary neoplasia occurring after radiation of a previous glioblastoma. 13 The pathogenesis of gliosarcoma is much debated. Originally, it was believed that the sarcomatous component was the result of a neoplastic transformation of the endothelial cells in the vessels traversing the glial tumour. However, this theory was discarded as no endothelial markers could be found. 14, 15 Other groups have suggested the possibility of a malignant transformation of intratumoural proliferating vessels or of glial cells surrounding a pre-existing sarcoma or simply an unfortunate coexistence given the originally low number of cases with this rare entity. 16, 17 The most recent theory describes a common monoclonal cell origin of glial and sarcomatous cells supported by the finding of identical genetic alterations in both tumour elements as two distinct malignant cell populations (glial and sarcomatous). 13, [18] [19] [20] Gliosarcoma not only shares genetic similarities with glioblastoma, but also clinical, therapeutic and prognostic features, making them almost indistinguishable from each other. Imaging features reveal variable appearances, including a homogeneous, well-circumscribed, strongly enhancing mass often abutting the dura, simulating the appearance of meningiomas, as well as a heterogeneous, ill-defined mass with either patchy or peripheral ring enhancement, as seen in this feline patient. 21 Considering the different imaging descriptions, MRI cannot be used to reliably differentiate gliosarcoma from other glial tumours or non-neoplastic CNS pathology, and histopathological examination is essential for its definitive diagnosis.
Vascular malformation such as a hamartoma was also considered in this cat given the long clinical history and the signal void on gradient echo sequences. Diffusionweighted imaging was not performed and the histopathological examination failed to confirm the presence of haemorrhage or hemosiderin within the neoplasm. The signal void seen may have been an acquisition artefact in this low-field MRI study. Additional acquisition planes and, ideally, a high-field MRI study would have been helpful for further identification but were not performed.
In people, the biological behaviour of gliosarcoma is slightly different to glioblastoma, which may be seen as a different clinicopathological entity. Gliosarcomas have a predisposition for supratentorial cerebral lobes (especially temporal lobe) and a tendency for extraneural metastasis. 21 Metastatic disease secondary to a gliosarcoma is reported in 11% of the cases via haematogenous spread to bone, lymphatic system, lungs, kidney, liver and, less frequently, spinal cord, and thus extended imaging is commonly recommended. 22 While we cannot completely exclude metastatic disease in our cat, given that the MRI and histopathological examination was limited to the brain, clinical examination and investigations did not suggest the involvement of other organs.
Histopathological features of gliosarcomas involve a mixture of two morphologically distinct neoplastic components, a glial and a sarcomatous component. 23 The glial element is more frequently astrocytic in nature, although neoplastic oligodendrocytes have also been described. 12, 24 The second component is sarcomatous and must resemble a spindle cell sarcoma, yet it can also be a fibrosarcoma, an angiosarcoma, a soft tissue sarcoma or a rhabdomyosarcoma. 25 Both components were present in this cat's diagnosis as the mass was a gliosarcoma with a subjectively stronger sarcomatous component. Cartilaginous, bony or mesenchymal components can also be seen in a gliosarcoma, but these were not present in this case.
IHC identified these two distinct neoplastic patterns in the cat. The sarcomatous component was naturally arranged in bundles and immunostained for vimentin, which is specific for mesenchymal tumours. The second neoplastic component consisted of astrocytic-like cells, which immunostained for GFAP, the principal marker for astrocytes. Another significant characteristic of glial cell neoplasia present in this cat was the presence of perivascular infiltration of sarcomatous cell component in continuity with the neoplastic mass, which is a histopathological feature included in the structures of Scherer. The Scherer structures originally reflect the highly malignant behaviour of glial cell tumours denoted by its upgraded migratory and invasive capability. Scherer described four distinct microanatomical features of malignant cell gliomas -perivascular involvement, perineuronal and perivascular satellitosis, and subpial space spread of the neoplastic cells -all of which were seen in our cat. 26 This perivascular pattern could indicate a possible vascular origin of this tumour.
The survival time associated with gliosarcoma is unknown in animals and poor in people. The mean reported survival time of 11 patients treated surgically with adjunctive radiotherapy or chemotherapy was 6 months. 13 However, if imaging and intraoperative features showed a well-demarcated, enhancing, intraoperatively firm mass, a longer survival of 8 months was achieved. 13 Similarly, histopathological findings characterised by a more than 50% sarcomatous component showed a better survival in patients. 13, 27 Surprisingly, longer survival times have been described in two people with intraventricular gliosarcoma after surgical excision combined with radiotherapy and chemotherapy. 28 The cat in this report had a long clinical history prior to diagnosis. The histopathological examination showed a subjective predominance of a fibrous/bundle pattern compatible with a larger proportion of sarcomatous population over the glial neoplastic population. As in people, this feature may have been associated with a longer survival time in this cat. Moreover, the tumour location (septum pellucidum) may have allowed better accommodation by adjacent cerebral tissue.
Conclusions
Gliosarcoma is a previously unreported subtype of astrocytoma in cats and should be considered in the differential diagnosis of intracranial tumours. IHC is required to confirm the mixed glial and sarcomatous neoplastic populations. Although the longer-term prognosis is poor, the clinical course may be long and >1 year. Further studies are essential to gain a better understanding of this rare tumour.
